A rapid method for predicting the buckwheat flour ratio of dried buckwheat noodles was developed by using the fluorescence fingerprint and partial least squares regression. Fitting the calibration model to validation datasets showed R 2 ¼ 0:78 and SEP ¼ 12:4%. The model was refined for a better fit by deleting several samples containing additional ingredients. The best fit was finally obtained (R 2 ¼ 0:84 and SEP ¼ 10:4%) by deleting the samples containing vinegar, green tea, seaweed, polysaccharide thickener, and yam. This result demonstrates that a calibration model with high accuracy could be constructed based on samples similar in material composition. The developed methodology requires no complex preprocessing, enables rapid measurement with a small sample amount, and would thus be suitable for practical application to the food industry.
The false labeling of a food product with the fraudulent aim of selling at an inflated price has become a recent social problem in Japan. Buckwheat noodles, a traditional Japanese food, have often been falsely labeled. While these noodles usually contain about 20% wheat flour as a binder, the proportion of buckwheat flour in commercial buckwheat noodle products is regulated by law to respectively be more than 30% and 40% in raw and dried buckwheat noodles. (The flour ratio is defined as the ratio of the weight of the flour, including free water, to the weight of total raw materials, excepting salt and additional mixing water). However, since wheat flour is less expensive than buckwheat flour in Japan's market, buckwheat noodles adulterated with more wheat flour than the regulated amount are often sold.
Several chemical analyses have been suggested to predict the buckwheat flour ratio of buckwheat noodles: measuring the ethanol-soluble protein, 1) determining the total nitrogen content, 2) and extracting and quantifying rutin, 3) a component of buckwheat flour. However, these methods involve complex treatments and skilled technicians. A simple and rapid method for predicting the buckwheat flour ratio of buckwheat noodles is therefore necessary in the production and distribution sectors of the food industry.
The fluorescence fingerprint (FF), also known as the excitation-emission matrix (EEM), is a series of fluorescence emission spectra acquired at consecutive excitation wavelengths. 4, 5) The pattern of the FF diagram, like a fingerprint, shows the fluorescence characteristics of each constituent in a sample, thus making the use of FF suitable for identifying certain constituents and detecting slight differences between samples. 6) Many qualitative and quantitative studies using FF have been reported: identification of archaeological dyes in ancient colored cloth from their fluorescence peak locations on FF contour maps, [7] [8] [9] quantification of the concentrations of naphthalene and styrene in sea water, 10) detection of carbamate pesticides and polycyclic aromatic hydrocarbons, 11) discrimination between commercial samples of virgin and pure olive oil, 12) quantification of danofloxacin in commercial bovine milk, 13) detection of fungal toxins, 5) monitoring various processing stages of Parma ham by discriminating between raw meat, salted meat, and matured/aged ham, 14) discrimination of wines between varieties, breweries and vintages, 15) and quantification of riboflavin and aromatic amino acid contents in beer. 16) The measurement of FF has several merits in practical and commercial applications, since it requires no complex preprocessing and is non-destructive.
17) The high sensitivity of fluorescence measurement 18) also enables it to be performed with a small sample amount, and fluorescence spectrometers are less expensive than such other instruments as near-infrared spectrometers. A quantification system using FF can therefore be established at relatively low cost.
Sugiyama et al. 19) have successfully predicted with high accuracy the buckwheat flour ratio for mixtures of a single kind of buckwheat and wheat flour by using FF. However, commercial buckwheat noodle products often contain a polysaccharide thickener for improving the texture, or green tea for adding flavor. Practical applications of a prediction method for buckwheat flour in commercial buckwheat noodle products therefore need to consider the effects of many additional ingredients. The objective of this present study is to develop a method for predicting the buckwheat flour ratio in commercial dried buckwheat noodles based on FF.
Materials and Methods
Buckwheat noodle samples. Ninety-six products of commercially available dried buckwheat noodles were used. These were constituted by 100% buckwheat noodles (only buckwheat flour was used), buckwheat noodles including wheat flour as a binder, and buckwheat noodles including additional ingredients (polysaccharide, yam, seaweed, green tea, or vinegar) as well as wheat flour. The buckwheat flour ratio of the noodles in this study is defined as the ratio of buckwheat flour to the total raw materials, excepting salt and additional water. The buckwheat flour ratio of the noodle samples ranged from 4.71% to 100%. Details on the ratio of buckwheat flour and other additional ingredients was voluntarily provided by manufacturers of the noodles through the Japanese governmental agency, FAMIC (Food and Agricultural Materials Inspection Center, Saitama, Japan). The noodle samples were assigned to two sets: one set consisting of 45 varieties was used as a calibration dataset to build a calibration model, and the other set consisting of 51 varieties was used as a validation dataset to validate the calibration model. The statistical values for the buckwheat ratios in the two datasets were almost equal (calibration dataset, mean ¼ 49:7% and SD ¼ 24:5%; validation dataset, mean ¼ 50:3% and SD ¼ 24:1%). Each buckwheat noodle sample (5 g) was milled for approximately 1 min by a CSM-S1 cyclone grinder (Shizuoka Seiki Co., Shizuoka, Japan) with a mesh of 0.5 mm before the subsequent FF measurements.
FF (fluorescence fingerprint) measurements. A milled sample (240 mg) was packed into the sample cell for powder measurement, and FF was measured with an F-7000 fluorescence spectrometer (Hitachi High-Technologies Corporation, Tokyo, Japan) equipped with a 150 W Xe arc lamp. The slit widths on both the excitation and emission sides were fixed at 10 nm. The measurement ranges for the excitation and emission wavelengths were 200-900 nm, with a wavelength increment of 10 nm. The wavelength scanning speed and photomultiplier voltage were respectively set to 500 nm/s and 400 V. The fluorescence spectra, which included scattered light, were obtained by fixing the wavelength of the excitation light and scanning the wavelength of the light emitted from the sample. FF data for the excitation wavelength Â emission wavelength Â fluorescence intensity were obtained by measuring the fluorescence spectrum while scanning the wavelength of the excitation light.
Preprocessing the FF data. Figure 1 shows a schematic diagram for the preprocessing step to remove non-fluorescent or noisy data from the entire FF data, based on the previous study. 5) Fluorescence is an emission with a longer wavelength than that of excitation. All data whose emission wavelength was shorter than the excitation wavelength were therefore removed as shown in Fig. 1a . The ridge of high intensity in the FF contour map, where the excitation wavelength was equal to the emission wavelength, represents the intensity of scattered light, and ridges extending from 400, 600, and 800 nm on the emission axis are second-, third-and fourth-order light, 5) respectively. These were generated by light scattering from the surface of the diffraction grating, 20) were not fluorescence, and were thus removed (Fig. 1b) . The data in certain wavebands were also removed as high-order light (first-order light, AE30 nm from the excitation wavelength; second-order light, AE30 nm from the excitation wavelength; third-order light, AE40 nm from the excitation wavelength; and fourth-order light, AE40 nm from the excitation wavelength). The low intensity of the Xe lamp and low sensitivity of the photomultiplier at the short excitation wavelength and long emission wavelength respectively resulted in some of the data being noisy. Any data included at the excitation wavelength <250 nm or emission wavelength >800 nm were therefore removed (Fig. 1c) . A final total of 1252 fluorescence intensity values were acquired with the combination of excitation and emission wavelengths from one sample, this total being set as independent variables for partial least squares regression (PLSR).
Building and evaluating the calibration curve. PLSR was applied to the FF data of the calibration samples by setting true values for the buckwheat ratios as responses to build a calibration model predicting the buckwheat flour ratio of buckwheat noodles. The number of latent variables in the calibration model was determined when the cumulative contribution of the responses was over 90%, this figure being selected by consulting the standard of 80-90% 21) as the cumulative contribution of transformed variables in the principal component analysis; this is analogous to PLSR when using linear-transformed variables and determining a moderate number of variables. The model was applied to the validation dataset to validate the accuracy of the calibration model. Fitting of the calibration model to the calibration and validation datasets was finally evaluated by the coefficient of determination (R 2 ), standard error of calibration (SEC), and standard error of prediction (SEP). study 19) at an excitation wavelength of 400 nm and an emission wavelength of 680 nm. This peak was confirmed in the FFs of almost all the samples, not only those of 100% dried buckwheat noodles shown in Fig. 2a , but also those containing a lower amount of buckwheat flour and other ingredients shown in Fig. 2b . It was thus found that the same peak of FF could be detected, which was observed in mixtures of buckwheat and wheat flour, 19) in commercial buckwheat noodles although they had more complicated compositions. Figure 3 shows the relationship between the true and predicted buckwheat ratios of the dried buckwheat noodles in the calibration and validation datasets. The fitting parameters for the calibration dataset were R 2 ¼ 0:89 and SEC ¼ 7:36%, whereas those for the validation dataset showed R 2 ¼ 0:78 and SEP ¼ 12:4%. The results of our previous study 19) showed good fitting of the true buckwheat flour ratio to the calibration model established by PLSR for sample mixtures of buckwheat and wheat flour (calibration dataset, R 2 ¼ 0:999 and SEC ¼ 0:383%; validation dataset, R 2 ¼ 0:992 and SEC ¼ 2:978%). It is likely that the relatively worse fitting of the commercial buckwheat noodles used in this study than that of the model samples could be attributed to the additional ingredients. In particular, the worse fitting for the validation dataset might have resulted from overfitting the samples in the calibration datasets, which show various FF patterns, to the model. Certain FFs different from the typical FF pattern apparently degraded the fitting of the validation datasets. We therefore identified FF patterns significantly different from the typical pattern by a visual inspection between the calibration and validation datasets. Figure 4 shows FF contour maps of the buckwheat noodle samples that were different from the typical map shown in Fig. 2. Figure 4b for FF of the samples containing vinegar shows a specific peak at an excitation wavelength of 460 nm and emission wavelength of 560 nm which was not present in the typical FF pattern shown in Fig. 4a . Figure 4c and d show that FFs of the two samples containing green tea had a distinct peak at the excitation wavelength of 400 nm and emission wavelength of 680 nm which might have been caused by chlorophyll. 22) The two adjacent peaks also might have resulted from other kinds of fluorochrome and other constituents. Figure 5 shows the relationships between the true and predicted buckwheat flour ratios in the 43 calibration samples and 50 validation samples by deleting FFs of the three samples containing vinegar or green tea shown in Fig. 4 from the initial datasets. The respective fitting parameters were R 2 ¼ 0:93 and SEC ¼ 6:55%, and R 2 ¼ 0:81 and SEP ¼ 11:5% for the calibration and validation datasets. The overall fitting of the calibration a, Shinshu honjuuwari soba (100% buckwheat); b, tororo soba (9.4% buckwheat, 2.8% yam); specific pattern for buckwheat flour 19) at an excitation wavelength of 400 nm and an emission wavelength of 680 nm. model was slightly improved, indicating that the samples containing such additional ingredients as vinegar and green tea had degraded the fitting of the initial calibration model. Figure 6 shows the relationships between the true and predicted buckwheat ratios for the dried buckwheat noodles by deleting the samples containing other additional ingredients to obtain a calibration model for better fitting. Figure 6a shows the result for the dataset by deleting the same samples in composition. In other words, including samples containing various kinds of additional ingredients in the datasets tended to worsen fitting of the calibration model. The results of this study show that, for all the plots of the calibration and validation datasets (Figs. 3, 5 , and 6), the predicted value varied widely at true buckwheat ratios of 30% and 80%. This occurred because the deviation in fluorescence intensity resulting from factors other than the buckwheat ratio was translated into the calibration model established by PLSR.
Results and Discussion
The established methodology for estimating the buckwheat ratio in dried buckwheat noodles requires no complex preprocessing and enables rapid measurement with a small amount of samples. Improving the multivariate analysis would allow the buckwheat flour ratio to be predicted with high accuracy. 
